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SUCROSE DISTEARATE LIPID VESICXES 
Background of the Invention 

S The present invention relates to formulations for lipid vesicles and methods of their 

manufacture. More particularly, the present invention discloses paucimellar lipid vesicles 
designed of materials which have exceptional properties for cosmetic, edible, dermatological, 
and pharmaceutical use. The paucimellar vesicles of the invention have 2-1 0 lipid bilayers 
surrounding a large amorphous central cavity which can contain a water-immiscible oily 
10 maierial or an aqueous solution. These lipid vesicles have a combination of sucrose 

distearate and at least one other compatible amphiphile as the primary structural material of 
tlieir lipid bilayers. 

Lipid vesicles are substantially spherical structures made of amphiphiles, e.g., 
1 5 surfactants or phospholipids. The lipids of these spherical vesicles are generally organized in 
the form of lipid bilayers, e.g., multiple onion-like shells of lipid bilayers which encompass 
an aqueous volume between the bilayers. Paucilamellar lipid vesicles have 2-10 peripheral 
bilayers which surround a large, unstructured central cavity. 

20 Until recently, liposome technology has been concerned mostly with vesicles 

composed of phospholipids. This is primarily because phospholipids are the principal 
stmctural components of natural membranes and, accordingly, lipid vesicles have been used 
as a model system for studying natural membranes. However, there are a number of 
problems associated with using phospholipids as synthetic membranes. Biological 

25 membranes are stabilized by membrane proteins and maintained by extensive enzymatic 
"support" systems that rapidly turn over, exchange or modify membrane lipids. Neither 
membrane proteins nor the requisite eniymatic support systems can be practically 
incorporated into the wall structure of lii)osomes, making the stmctures inherently less stable 
than natural membranes. In addition, the biological environment contains several potent 

30 {diospholipases that rapidly break down free phospholipids. These plK>spholipases will attack 
liposomes and degrade the membrane. For these reasons, phospholipid liposomes placed m 
an in vivo environment are rapidly degraded. 

Moreover, phospholipid liposome technology has other problems. Phospholipids are 
35 labile and expensive to purify or synthesize. In addition, classic phospholipid liposomes are 
in the form of multilamellar as opposed to paucilamellar vesicles and have poor carrying 
capacities, especially for lipophilic materials, and have poor shelf lives unless lyophilized in 
the dark with antioxidants. Finally, phospholipids degrade too rapidly in vivo for most 
pharmaceutical or vaccine applications. 
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For these reasons, there is increasing interest in liposomes made of commercially 
available nonphospholipid amphiphiles (see, e.g. U.S. Pat. No. 4,217,344, U.S Pat. No. 
4,917,951, and U.S. PaL No. 4,91 1,928). These molecules have a hydrophilic head group 

5 attached to a hydrophobic "tail" and are derived from long chain fatty acids, long chain 
alcohoFs and their derivatives, long chain amines, and polyol sphingo- and glycerolipids. 
Commercially available amphiphile surfactants include the BRIJ family of polyoxyehtylene 
fatty ethers, the SPAN sorbitan fatty acid esters, and the TWEEN polyoxyehtylene 
derivatives of sorbitan fetty acid esters, all available from ICI Americas, Inc. of Wilmington, 

1 0 De. Paucilamellar vesicles comprised of such amphiphiles provide a high carrying capacity 
for water-soluble and water immiscible substances. The high capacity for water immiscible 
substances represents a imique advantage over classical phospholipid multilamellar 
liposomes. 

1 5 Use of lipid vesicles in the fields of cosmetics, edibles, dermatologicals and 

pharmaceuticals is rapidly expanding. Many cosmetic and dem:iatological preparations 
commonly include amphiphiles such as propylene glycol stearate, stearyl alcohol, 
polyoxyethylene fatty ethers (i.e., POE 10 stearyl alcohol), soibitan fatty acid esters, and 
polyoxycthylene derivatives of sorbitan fatty acid esters (i.e., POE 20 sorbitan monostearate). 

20 These additives can be used as emulsifiers or thickeners, providing the "feel" to certain 
cosmetics and/or dermatologicals. These additives also fall imder the GRAS list and can 
therefore be used in many food and pharmaceutical products. It would therefore be 
advantageous to use these amphiphiles as the lipid vesicle formers. 

25 Accordingly, an object of the present invention is to provide a method of making 

paucimellar lipid vesicles using as primary structural lipids of the bilayers amphiphiles which 
are commonly used in cosmetics, dermatologicals and pharmaceuticals. 

Another object of the invention is to provide paucilamellar lipid vesicles which 
30 contain sucrose distearate and at least one other amphiphile as the structural lipids of the 
bilayers. 

A further object of the invention is to provide a method of producing paucimellar 
lipid vesicles which readily encapsulate water immiscible oily materials and are 
3 S manufactured from relatively inexpensive materials. 

These and other objects and features of the invention will be apparent from the 
following description and the claims. 
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The present invention features lipid vesicles and a method of manufacture using a 
blend of sucrose distearate and at least one other amphiphile as the major lipid components of 
5 the bilayers. These blended vesicles feature materials with special usefulness for cosnietic, 
dermatological, and phamiaceutical processes and products. 

The vesicles of the invention have about two-ten bilayers arranged in the form of 
substantially spherical shells separated by aqueous layers surrounding a large amorphous 

10 central cavity free of lipid bilayers. The lipid bilayers have as their primary lipid components 
a mixture of sucrose distearate and at least one other amphiphile selected from the group 
consisting of fatty alcohols, quaternary dimethyldiacyl amines, polyoxyethylene acyl 
alcohols, polyglycerols, sorbitan fatty acid esters, ethoxylated sorbitan fatty acid esters, fatty 
acids and their salts, and mixtures thereof. In particular, propylene glycol stearate is mixed 

IS with stearyl alcohol, polyoxyethylene fatty alcohols, polyoxyethylene derivatives of sorbitan 
fatty acid esters having 10-20 oxy ethylene groups, and mixtures thereof; wherein the fatty 
alcohol or fatty acid groups of the polyoxyethylene fatty alcohols and the polyoxyethylene 
derivatives of sorbitan fatty acid esters are selected from the group consistmg of radicals of 
palmetic acid, stearic acid, lauric acid, and oleic acid, and mixtures thereof. This mixture 

20 may further cotitain at least one sterol selected from the group consisting of cholesterol, 

cholesterol derivatives, hydrocortisone, phytosterol, and mixtures thereof, a charge producing 
agent, and any lipid soluble materials to be incorporated into the vesicles. 

The vesicles of the invention have an amorphous central cavity carrying either water 
25 soluble materials or a water-immiscible oily solution. The basic requirement for this water- 
immiscible oily solution is that it is made of materials which are both water inmiiscible and 
immiscible in the lipids used to form the bilayers. Examples of these water-immiscible oily 
materials include mineral oils, soybean oil, paiafiBn waxes, petrolatum, triglyceride oils and 
fats, perfumes and fragrances, flavor oils, perfluorocarbon liquids, water insoluble vitamins, 
30 and a variety of water-immiscible solvents. Of particular interest is the encapsulation of 
anthralm or retinoic acid as the water-immiscible material. These materials provide 
pharmacological or dermatological benefits in addition to the benefits caused by the use of 
the particular lipids ^ch form the bilayers. 

35 The invention further features a method of producing the lipid vesicles of the 

invention. Oil filled vesicles, e.g., vesicles having their amorphous central cavities filled 
with a water-immiscible oily solution, may be formed using either the "hot loading" 
technique disclosed in Unites States Patent No. 4,91 1,928 or the "cold loading" technique 
described in the United States Patent No. 5,160,669, the disclosures of which are 
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incorporated herein by reference. In either case, a lipid phase is formed by blending 
propylene glycol stearate and the compatible amphiphile(s), along with any sterols or 
lipophilic materials to be incorporated into the lipid bilayers, to form a homogenous lipid 
phase. In the '^hot loading" technique, any water-immiscible oily material to be encapsulated 
5 in the vesicles is blended in the already formed lipid phase, forming a lipophilic phase. If any 
oil-soluble or oil-suspendable materials are to be encapsulated within the vesicles, they are 
furst dispersed in the oil. The term "dispersed" as used herein includes dissolution or forming 
a suspension or colloid to yield a flowable phase. 

1 0 Once a lipophilic phase is made, it is blended with an aqueous phase (e.g., water, 

saline, or any other aqueous solution which will be used to hydrate the lipids) under shear 
mixing conditions to form the vesicles. "Shear mixing conditions", as used herein, means a 
shear equivalent to a relative flow of 5-50 m/s through a 1mm orifice. 

15 In the "cold loading" technique, the lipid phase and the aqueous phase are blended 

under shear mixing conditions to form vesicles. These vesicles are then blended under low 
shear conditions, as described in the aforementioned United States Patent No. 5,160,669. 

All of the materials used to form the vesicles of the invention can also be used in the 
20 methods of the invention. Other modifications of the methods and products will be apparent 
irom the following description and the claims. 

Retailed Description of the Invention 

25 The present invention uses a blend of amphiphiles to form paucilamellar lipid 

vesicles. In particular, sucrose distearate is blended with at least one other amphiphile to 
form a lipid phase which can be hydrated to form vesicles. Other additives, such as a sterol, 
may also be blended with the lipid phase. 

30 . The preferred other amphiphiles to be used in the lipid phase are stearyl alcohol, 

polyoxyethylene fatty alcohols, polyoxyethylene derivatives of sorbitan fatty acid esters 
having 10-20 oxyethylene groups, and mixtures thereof; wherein the fatty alcohol or fatty 
acid groups of the polyoxyethylene fatty alcohols and the polyoxyethylene derivatives of 
sorbitan fatty acid esters are selected firom the group consisting of radicals of palmetic acid, 

35 stearic acid, lauric acid, and oleic acid, and mixtures thereof. In a preferred embodiment of 
the invention, the lipid mixture of the invention contains propylene glycol stearate, stearyl 
alcohol and polyoxyethylene 20 sorbitan monostearate (Polysorbate 60). This mixture may 
further contain at least one sterol selected from the group consisting of cholesterol. 
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cholesterol derivatives, hydrocortisone, phytosterol, and mixtures thereof, and any other 
materials to be incorporated into the bilayers. 

The lipid vesicles of the invention are paucilamellar lipid vesicles characterized by 
5 two to ten lipid bilayers or shells with small aqueous volumes separating each substantially 
spherical lipid shell. The innermost lipid bilayer surrounds a large, substantially amorphous 
central cavity which may be filled vnih either an aqueous solution or a water-immiscible oily 
solution. 



10 Examples of water-immiscible oily materials which can be encapsulated in the central 

cavity are mineral oils, soybean oil, paraffin waxes, petrolatum, triglyceride oils and fats, 
perfumes and fragrances, flavor oils, perfluorocarbon liquids, anthralin, retinoic acid, water 
insoluble vitamins, and water immiscible solvents. Avocado oil unsaponifiables can also be 
encapsulated in the central cavity and is particularly useful as it may additionally be used as a 

1 5 source of phytosterol to stabilize the vesicle bilayer. 

The following Examples will clearly illustrate the efficacy of the invention. 
Example 1 

20 In this Example, both aqueous-filled and oil-filled lipid vesicles were fomned using a 

blend of sucrose distearate and other amphiphiles and/or sterols. Other amphiphiles included 
stearyl alcohol, polyoxyethylene 20 sorbitan monostearate (Polysorbate 60), and 
polyoxyethylene 10 stearyl alcohol (Brij 76). Other sterols included cholesterol, soybean oil 
and avocado oil unsaponifiabl^. 



25 



TABLE 1 



romposition Samnle 



(grams) A B C D E F 

Sucrose distearate 4.25 2.55 2.5 2.5 2.0 2.0 

Stearyl Alcohol 0.5 0.5 

Polysorbate 60 0.67 

Brij 76 1.6 1.2 

Avocado oil Unsaponifiables 4.0 4.0 5.0 

Cholesterol 0.75 1.25 1.25 

Soybean Oil 1.75 

Water 30 35 30 30 40 40 
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Comnosition 

(grams) 
Sucrose Distearate 
Stearyl Alcohol 
• Polysorbate 60 
Brij76 

Avocado Oil Unsaponifiables 

Cholesterol 

Soybean Oil 

Water 



Sample 
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1.25 
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03 
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1.75 








40 


30 


30 


35 


35 



For samples A, C and I, aqueous-filled lipid vesicles were formed by first blending 
5 the sucrose distearate and the applicable amphiphiles and/or cholesterol at approximately 
80°C with water at 70°C. Hydration to form lipid vesicles was then achieved by shear 
mixing the lipid and aqueous phases using two 60 cc syringes, connected by a stopcock. The 
lipid and aqueous phases were blended from one syringe to the other, forming aqueous filled 
vesicles in two minutes or less. However, m this and the following Examples, any method 
1 0 of achieving tfie proper shear could be used. Preferably, a flow device such as the Novamix 
TM vesicle former is used. The basic details of the Novamix™ system are described in United 
States Patent No. 4,895,452, the disclosure of which is incorporated herein by reference. 

For samples B, D-H, and J-K oil-filled vesicles were formed using the hot loading 
1 5 technique described in U.S. Patent No. 4,91 1 ,928, the disclosure of which is incorporated 
herein by reference. Briefly, in order to hot load the vesicles, the soybean oil or avocado oil 
unsaponifiables was heated to S2^Cy blended with the lipid phase, and then the combined 
lipid/ oily phase was hydrated by the aqueous phase at 70°C using the syringe method 
described above. Either hot loading or cold loading techniques may be used for soybean oil 
20 and avocado oil unsaponifiables. 

Sample A was designed to form lipid vesicles using sucrose distearate as the only 
amphiphile in the lipid bilayers. After processing to form lipid vesicles, the sample had a 
fluid consistency and microscopic examination showed poor, hetro-sized vesicles. This result 
25 indicated the need to add another amphiphile or spacer molecule in the mixture making up 
the lipid walls, probably due to the large size of the sucrose distearate molecules. No 
separation was observed after centrifugation at 3500 rpm for 15 minutes. 

Samples B-F were designed to form both oil-filled and aqueous-filled lipid vesicles 
30 using only one amphiphile or spacer in addition to sucrose distearate, as the materials 
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forming the lipid bilayers. The spacers used were stearyl alcohol, Polysorbate 60 or Brij 76. 
After processing to form lipid vesicles, all of these samples had a fluid consistency and an 
off-white color, probably due to the cream color of the sucrose distearate. 

5 Upon microscopic examination of samples B-F, the following observations were 

made: 

Sample B showed many hetro-sized vesicles with rough surfaces and irregular cores. 
All vesicles vvere birfringent with maltese cross patterns visible, indicating multiple 
10 concentric lipid bilayers. 

Samples C and D showed very poor, irregular-shaped, birfringent vesicles. 

Sample E showed the best vesicle formation. The vesicles were quite homogenous 
1 S and mostly hetro-sized. Birfringence with maltese crosses was also observed, indicating 
multiple concentric lipid bilayers. 

Sample F showed hetro*sized vesicles, much like those in sample E, but the vesicles 
had rough surfaces. 

20 

After centrifugation of samples B-F, sample E showed approximately 5 ml of turbid, 
aqueous phase separation at the bottom of the samples, probably due to an excess of water in 
this sample. Sample F showed approximately 2-3 ml of separation, probably due to an excess 
of water in this sample. Samples^ B-D all showed no separation. 

25 

Overall, samples B-F show that lipid vesicles formed with sucrose distearate and only 
one other amphiphile consisting of stearyl alcohol or Polysorbate 60 tend to be poorly shaped 
and uregular. However, i^en Brij 76 is used as the only other amphiphile making up the 
lipid bilayers, along with sucrose distearate, then good lipid vesicle formation is achieved. 

30 

Samples G-K were designed to form both aqueous-filled and oil-filled lipid vesicles 
using a combination of two amphiphiles in addition to suq-ose distearate as the principal 
materials making up the lipid bilayers. Sample G contained stearyl alcohol and Brij 76 as the 
spacers, whereas samples H-K all contained stearyl alcohol and Polysorbate 60. 

35 

After processing to form lipid vesicles, all samples G-K had a fluid consistency, 
except for sample H which was more lotion-like (probably due to the lesser amount of 
Polysorbate 60 and water). Upon microscopic examination, the following results were 
observed: 
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Sample G showed mostly nice, hetro-sized vesicles mixed with a few tear drop shaped 
vesicles with irregular cores. 

5 Sample H showed many small nicely-formed vesicles mixed with a few very large, 

birefringent vesicles. 

Sample I showed the same vesicles as H, except that the vesicles were aggregated. 

1 0 Sample J showed mostly hetro-sized vesicles, some wdth irregular cores. 

Sample K showed mostly hetro-sized vesicles, some with rough surfaces. 

After centriiugation of samples G-K, sample H showed approximately 5 ml of turbid, 
1 5 aqueous phase separation at the bottom of the sample, probably due to an excess of water in 
this sample. Samples G and K showed approximately 2-3 ml of separation, probably due to 
an excess of water in tbese samples. All other samples showed no separation. 

Overall, samples G-K show that lipid vesicles formed by using two amphiphiles or 
20 spacers in addition to sucrose distearate as the principal materials in the lipid bilayers tend to 
be nicely shaped hetro-sized vesicles. By hot loading these vesicles with an oil, preferably 
soybean oil (as in sample H) or avocado oil unsaponifiables, which provides the additional 
benefit of acting as a structural component in the lipid bilayers (as in samples J and K), 
further homogeneity in the lipid vesicle population can be achieved. 

25 

The foregoing Examples are merely illustrative and those skilled in the art may be 
able to detennine other materials and methods \^ch accomplish the same results. Such 
other materials and methods are included within the following claims. 
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What is claimed is: 

1 . A lipid vesicle having at least two bilayers, each of said bilayers comprising a mixture 
of sucrose distearate and at least one other amphiphile selected from the group consisting of 
fatty alcohols, quaternary dimethyldiacyl amines, polyoxyethylene acyl alcohols, 
polyglycerols, sorbitan fatty acid esters, ethoxylated sorbitan fatty acid esters, fatty acids and 

5 their salts, and mixtures thereof 

2. The lipid vesicle of claim 1 wherein said other amphiphile is selected from the group 
consisting of stearyl alcohol, polyoxyethylene fatty alcohols, polyoxyethylene derivatives of 
sorbitan fatty acid esters having 10-20 oxyethylene groups, and mixtures thereof; wherein the 

10 fatty alcohol or fatty acid groups of the polyoxyethylene fatty alcohols and the 

polyoxyethylene derivatives of sorbitan fatty acid esters are selected from the group 
consisting of radicals of paimetic acid, stearic acid, lauric acid, and oleic acid, and mixtures 
thereof. 

IS 3. The lipid vesicle of claim 1 wherein said lipid vesicle is a paucilamellar lipid vesicle 
having 2-10 bilayers surrounding an amorphous central cavity. 

4. The lipid vesicle of claim 3 wherein said other amphiphile comprises polyoxyethylene 
20 soibitan monostearate. 

20 

5. The lipid vesicle of claim 4 wherein said other amphiphile comprises stearyl alcohol. 

6. The lipid vesicle of claim 3 wherein said other amphiphile is polyoxyethylene 10 
stearyl alcohol. 

25 

7. The lipid vesicle of claim 3 wherein said mixture further comprises at least one sterol 
selected from the group consisting of cholesterol, cholesterol derivatives, hydrocortisone, 
phytosterol, and mixtures thereof. 

30 8. The lipid vesicle of claim 6 wherein said paucilamellar lipid vesicle comprises an 
amorphous central cavity containing a water immiscible oily material. 

9. The lipid vesicle of claim 8 wherein said water immiscible oily material is selected 
from the group consisting of mineral oils, soybean oil, parafELn waxes, petrolatum, 
35 triglyceride oils and fats, perfumes and fragrances, flavor oils, perfluorocarbon liquids, 
anthralin, retinoic acid, water insoluble vitamins, water immiscible solvents and mixtures 
thereof. 
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25. The method of claim 24 wherein said other amphiphile comprises polyoxyethylene 20 
sorbitan monostearate. 

26. The method of claim 25 wherein said other amphiphile further comprises stearyl 
5 alcohol. 

27. The method of claim 24 wherein said other amphiphile is polyoxyethylene 1 0 stearyl 
alcohol. 

10 28. The method of claim 24 wherein said lipophilic phase further comprises at least one 
sterol selected from the group consisting of cholesterol, cholesterol derivatives, 
hydrocortisone, phytosterol, and mixtures thereof. 
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